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RADTANT-INTERCHANGE CONFIGURATION FACTORS

By D. C. Hamilton and W. R. Morgan
SUMMARY

This report is concerned with the geometric configuration factor
for computing radiant interchange between opaque surfaces separated by
a nonabsorbing medium. The configuration-factor solutions available in
the literature have been checked and the more complicated equations are
presented as families of curves. Several new configurations involving
rectangles, triangles, and cylinders of finite length have been inte-
grated and tabulated. The various methods of determining configuration
factors are discussed and a mechanical integrator is described. An
snalysis is presented, in which configuration factors are employed, of
the rediant heat transfer to the rotor blades of a typical gas turbine
under different conditions of temperature and pressure.

INTRODUCTION

The many advantages have been evinced that would result from
increased operating temperatures for gas turbines. This increase would
require a greater amount of cooling if the use of nonstrategic materiasls
+is continued., At the lower operating temperatures the steady-state
cooling requirements for the various internal components of the turbine
may be determined by considering the heat transfer due to convection only.
At the higher temperatures presently coQtemplated and at the even higher
temperatures that will ultimstely be envisioned, radiation will cease to
be negligible and may well become the dominant mechanism. Since present
trends indicate cooling nonstrategic materials as the means of increasing
operating temperatures, it 1s important that the computation of radiant
heat transfer be facilitated.

Unless a system is intentionally designed to facilitate computation
of radiaent heat transfer, this computation is, in genersl, a rather
involved operation. The engineer desiring to compute the radiant heat
transfer in a system such as a gas turbine is usually discouraged from
performing more than a cursory estimation because of the excessive amount
of time involved in obtaining the configuration factors. The absorptivity -
and emissivity of a surface are dependent upon composition of the surface,
nature and thickness of film or oxide layer, megnitude and form of surface
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asperities, and temperatures of the system., Since, in general, exact
knowledge of these properties of the surfaces involved in a particular
system in practice is not available, it is difficult to assign more
than an approximate value to the emissivity or absorptivity.

To meke the anelysis mathematically feasible it is common practice
to divide the system into zones, each of which 1s assigned a mean tem-
perature. In this manner the postulate of isothermal surfaces or zones
may be made. This latter simplification or ideslization of the system
introduces additional errors in the results.

The equation generally used for computing net interchange between
two isothermal zones separated by a nonasbsorbing medium is

9.0 = aAlf1¢2(Tlu - Teh)

.

The variable f37_o 1is a function of the emissivities and absorptivities
of surfaces Ay and Ap and of the configuration factors in which Aq
or Ao are involved. (See appendix A for definitions of all symbols.)

Equations for f are given in the litersture for a limited number of
simple systems (references 1 to 3). The emissivity and absorptivity
values may be obtained from tables such as those given in references 1
or 2. There seems to be no source that gives the configuration factor
for the commonly used elements of the geometry found in engineering
structures. The present work leaves much yet undone, but it is hoped
that there will be enough readily available configuration-factor values
80 that the time factor in radiant-heat-transfer calculations will be
greatly reduced.

In using this report it is suggested that the reader consult
appendix B, "Description of Configurations," to identify the geometry
in question. That appendix gives the number of the figure in which
the configuration factor is plotted. Configuration factors are given
as a function of two or more parameters that are dimensionless ratios
of significant lengths., These parameters are defined for each configu-
ration in appendix B. The curves cannot be read so accurately as some
of the points have been calculated. Therefore, if greater accuracy is
desired, tables 1 to 14 should be conmsulted. The more complex equations
are given in appendix C. An approximaste analysis of the net radiant
heat transfer to the rotor blades of a gas turbine is presented in
appendix D. Configuration factors from the main text are employed in

this analysis as necessary.

i~
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. No attempt has been made to fix the credit for the integration of
each of the configurations listed. Many of the publications are cited
(references 4 to 25). However, some important ones may have gone
unnoticed. The configurations named L-2, A-2, P-9, I-3, and L-4 were
integrated for the first time by the present authors. All equations
used herein were integrated by the present authors to insure agasinst
printing errors in the literature.

The equation -for configuration A-2 was too complex to make calcu-
lation practicable; consequently, these values were computed by the
numerical integration of I-2. Configurations L-3 and I-4 were also
obtained by numerical integration.

The factor discussed in this paper has been called variously angle
factor, shape factor, and configuration factor. The first name, angle
factor, does not adequately describe the factor in question. The second,
shape factor, haes been consistently used in the literature as the name of
the geometric factor in heat conduction. Because conduction and radiation
often occur simultaneously and because shape factor has a unique meaning
in heat conduction it appears that the geometric factor for radiation
should be differently named to avoid confusion. The use of configuration
factor is recommended since it has already been used many times and since
it is adequately descriptive. The authors wish to acknowledge theat the
above discussion and recommendetion came to them from Dr. G. A. Hawkins
of Purdue University. Many of the references were brought to the authors!
attention by Dr. W. L. Sibbitt. Dr. J. T. Agnew assisted with the cal-
culations in appendix D.’

This work was conducted at the Purdue University Engineering
Experiment Station under the sponsorship and with the financial assist-
ance of the National Advisory Committee for Aeronautics.

DEFINITION OF CONFIGURATION FACTOR

The configuration factor from A; to Ao, written Fjo 1is herein
' defined as the fraction of the total radiant flux leaving A, that is
‘incident upon A,. The configuration factor from a plane point source
(point configuration factor) is obtained by integration over A, while
the mean configuration factor from a line source or a finite source is
an average of the point configuration factor over the line source or
finite source, respectively. The configuration factor is a fraction
that is a function of the geometry of the two surfaces; it also depends
on the directional distribution of the radiation from the source. TFor

the present discussion let a directional distribution function D(e)
be defined as follows:

D(6) = 1(6)/1y
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where I(6) 1is the intensity at the angle 6 (measured from the normal
to the plane point source) and I, represents the mean value of the

intensity defined by I, = W/n. Experiments (see reference 25) indi-

cate that most engineering materisls do not exactly follow Lambert's
cosine principle (reference 26); this principle gives values that are
too low for polished conductors and too high for insulators at large
values of the angle 6. Lambert's cosine principle states that the
function D(8) 1is a constant equel to unity and invarisble with 4.

The error introduced by using Lambert's form of D in the calcu-
lation of radiant heat transfer has been assumed too small (in com-
parison with other calculation errors tolerasted in practice) to warrant
the complications introduced by the use of a more accurate form of D,
Eckert (reference 25) gives a method for determining the configuration
factor when a non-Lambertian distribution is postulated. One could
integrate and tabulate configuration factors for the D functions
typical of nonconductors and conductors; this may become desirable at
some distant .future date.

The configuration factor may be defined as the ratio of the radiant
flux leaving a source that is Incident on another surface to the total
flux leaving the source. The limiting values are then zZero and unilty.
After a form of the distribution function D is postulated, the con- +
figuration factor becomes a purely geometric function.

From figure 1 and the definition of the configuration factor for
a radiating point source dA; and an intercepting area dAp, the

configuration-factor equation is derived as:

e aF B I(61) cos 61 dAy dw) "
1 "dA;-dAp L,

where dw,, the solid angle subtended by dA, at dAj, is

-dA2 cos 92
- d_(l)l=—_2____
r
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From equations (1) and (2) obtain

coOs el cos 92 dAl dA2

5 (1)

aAy @Fgp,.an, =DP1(61) —

cos 61 cos 0o dAy dAp (1b)

Ao WFappaay =Dp(%) —

For any two aress dA; and dAp it follows from equations (1la) and (1b)
that, if D;(6;) and Dy(6p) ere identical, the reciprocity theorem,
equation (3), holds:

Ay AFgp,-ap, = Ay TFap;-aa, (3)

It is interesting to note that the reciprocity theorem fails when the
distribution functions of the two surfaces are not idemtical. Thus,
* the reciprocity theorem is not true by definition, as some references
have implied. ‘

For the present work a Lambertian distribution will be postulated .
in which case D disappears from equations (la) and (1b) and equa-
tion (3) applies.

The configuration factor Fgy _p, from dA; to Ap is obtained
by integrating equation (la) over A,. s ,

dAleAl—Ag = diy L/; d'FdAl-dA2
2

|

cbs 64 cos 6 dA T
dAlb/‘ 1 2 2 9o (1)
Ag n R
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Similarly, integration of equation (4) over A; gives FAl"AQ from Ay
to Az: ,

AF = F da

1*A-Ap L L dA-As, 481

"

DETERMINATION OF CONFIGURATION FACTORS

JF cos 91 cos 6o dAl das (5)
A2 1(1‘2

1

Method of Mathematical Integration

In general, it is desirable to integrate the basic equation four
times to obtain the solution for the configuration factor in terms of
an slgebraic equation that can be solved numerically for particular
values of the parameters. An example will illustrate the method.

In figure 2 the geometry of configuration P-2 is shown. It is
desired to determine the configurstion factor FdAlqAa from the plane

point source dA; to the finite rectangle A,. In figure 2 n; and

no are the normals to dA; and dAp, respectively; r is the length
of the straight line connecting the two differential areas; and 91 and
6o are the angles between r and the respective normals.

From figure 2 the equations for cos 6, cos Op, and r can be
given in terms of the coordinates x' and Yy' and the constants ¢
and a.. These, when substituted in equation (%), give equation (6):

dA in2® m b t 1 1
aArFan -, =__l___s__f f ay' dx' dy _ (®)
: 0 -0 EX')‘? + (y)2 4 8 - (2ay' cos ¢ﬂ
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A change to dimensionless variables will, in general, simplify the
integration. Let x =x'/a, y =y'/a, M=m/a, and H = h/a. Then

AT _ dA; 51n°0 jM fH v dy dx (6a)
1MdAy-Ao ~ % 2 ; 2)2 )
- 0 "0 \y= -2y cos & + 1L + x

Integration with respect to y yields

o dA1 sin®p fM " 1
1 dAl-A2 1 0 H - cos 0|x2 + sin20

1 v
(1+H2+x2—2Hcos<Dil

cos §

3/2 tan-1 H - cos & +
(x2 + sinetb) ‘ng + sineq»

ton 222 )| | ax (7
\Ix2 + sin2¢

3

and integration with respect to x gives

Hcosd - )
dAleA —A2 = '2%{ tan~iM + ° L > tan-i - M +
1 11+H2—2Hcos¢ ﬂl+H2—2Hcos¢
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Refer now to figure 3(a) for the third integration (over the x-axis
of Aj):

= + F
Faa,-A, (FdAl—Aa' dAl-AQ") (9)

Combining equations (8) and (9) and integrating with respect to x get:

2 2 2 _ -
Fan.a 3_3‘: tan-1M + 8in<d loge 1+ H- + M 2H cos O _8in ¢ cos & tan’l(H cos o)+
= M (1+m)(2+ 82 - 28 cos ¢ 2 sin ¢

g_{l+ Hcos ¢ - 1 tan-1 M N
2 11+H2-2Hcoso \Jl+H2—EHcosq>

(cos @@ + 31n2¢> san-1 H - cos ¢ + tan-1 cos @ (10)
M ‘ im? + sin% QM? + 8in 7

It should be noted that, in equation (10), dA, refers to a line source
of width dz and of length M, whereas in all preceding equations dA,

has pertained to a point source, both dimensions of which were of dif-
ferential order.

To accomplish the final integration it is desirable to change to
a new 7et of dimensionless variables: ILet N = h/m, L = a/m, and
z = z2'/m:

10 |_z2(22 - 2Nz cos @ + 1 + He)—l

2 ge |£l + 22)(22 - 2Nz cos & + Nzll

J_) , z8in%

=31 -1{1 - X _
Fany-ap = 3 §tan (z z 8in & cos o{; o+

z 8ln ¢ 1 + 22 8in

‘l'.a.n'l(———--—N -2 cos o):l + cos o‘ﬁ. + z281in%p Ean‘l(————n ~Zcosd >+

tan- z cos ¢ + N cos & - 2 tan-1 1 (10a)
ql + z2 sin?p qzz - 2Nz cos ¢ + N2 \Jz2 - 2Nz cos @ + N2




Wrraddmm 102 amaPomn +m Pl oo 30N Tedhm e d i ol mman e £ VALY b e e 4 -
LSyudLdiull L4Va ) LClolD VW oLaAmurcT J\Uj. LORLHLLWVIL UL oy vivn rvay 4L respecu Lo ) over Lone
intervel from O to L gives:

FA]_'AQ ol [_s8in 2¢EL sin ¢ + (g - o)(ﬂe + La) + 12 ten-1 (N - L cos ¢> + N° tan"l(L - N cos

7L

8ino (1+8{1 + 18 Tescforcot®e [ 12(1 ¢« ¥ 4 12 - 2L cos W\_ILE-]
o Lok L R _I \ ; '
1+ 82+ I® - 2RL cos ¢ (1+12)(¥2 + 12 - 2NL cos o)

2 2 ' 2 2 coB Zp
N sin7e loge - il )( 1+N ) + L tan“l(%) +
L N2+L2'—2NLcos¢ 1+N2+L2-2H1,coso

1

N tan'l(%) - \Jﬁe + LZ - 2NL, cos © cqt"l ‘JNE + 12 - 2NL cos ¢ +

“

t

N 8in tDEB:Ln 20 ‘{l + T2 sin2 ltan-1 N cos & + tan-1f L - N cos @ +
V1 + K2 810 V1 + K2 sine

L
cos 4»] \’1 + 22 81020 |tan-1f-J -2 €08 & \ | 4 n-1f_ B co8 & de
0 \Jl + 22 g1nyp 1 + z° 8in20

k4

9Ege NI VOVN
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Equation (11) is too complex algebraically to make numerical solution
of it practicable; for this reason the last integral was not solved and
the wvalues for FA1—A2 (configuration A-2) were obtained by the numer-

ical integration of the values obtained for configuration I-2 from
equation (10a).

For the particular case of & equal to 90° the equation simplifies
to: .

1 ~1/1 -1/1 d 2 2 -1 d 2 2
F = —|L tan™{=}+ N tan~*{=) - [N + L cot N + L= +
A -A2 T 4L (L) (N)

2 o - " 2 2
I (1 +12)(1 + ¥ ¢ 12 10g, 12(1 + ¥ + 12)

L 1+ 12+ N2 (1 + 12)(® + 17)

N2 lOge Nz(l + N2 + Lz)]} . (lla)

The lebor involved in the first two integrations can generally be reduced
by use of Stokes' theorem and vector calculus,

Methods of Determining "Point" Configuration Factors
Based on Double-Projection Principle of Nusselt
The following methods apply Nusselt's geometric interpretation of
the configuration-factor equation (reference 5) in one way or another to

get configuration factors in which the source is a plane point source.
The "point"” configuration-factor equation is:

_ cos 63 dun
FdAJ_-Ag - '[;l 11: (La)

In figure 4 it is seen that the solid angle duy subtended by dAp
at dA; is

cos 6o dAp  dAp!
R2 -

dﬂ)l=
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where dAp' 1is the radial projection of dAs on the surface of the
sphere of radius r. Also, dAp" = dAs' cos 61; therefore, the con-
figuration factor is interpreted as:

A2"

Fap-ap = -2 (12)

To recapitulate, let a hemisphere of radius r be constructed about
the plene point source dA; with the point source in the plane of the
base of the hemisphere. Iet each point on the perimeter of Ao be pro-
Jected radially to the surface of the hemisphere, thence vertically
(parallel to the normal to dA71) down to the base of the hemisphere.

The ratio of this projected area Ao" on the base of the hemisphere to
the area of the entire base of the hemisphere is the desired "point"
configuration factor from dA; to Ao,

Drawing-board solution.- By the methods of elementary descriptive
geometry the point configurastion factor can be obtained by projecting the
various points on Ap to the base of a hemisphere constructed about the
radiating point source. Simple geometry such as in configurgtions P-3
and P-4 (appendix B) may be solved quickly by drawing-board projection.

Transit method.- If the desired configuration factor is associated

with a relatively large structure already built, the point configuration
factors can be obtained by using a surveyor's transit with an elbow-
telescope attachment to permit vertical shots. If 6 represents the
angle in a vertical plane (measured from the horizon) and @ represents
the angle in the horizontal plane (measured from some arbitrary place)
and readings sre teken of these angles for strategic points on the
perimeter of the intercepting area, then a plot of cos28 against o
will give an area that is proportionsl to the configuration factor.

Optical projection method of Eckert.- The optical projection method
of Eckert (reference 27) employed a point light source situated in the
center of the base of a milk-glass hemisphere as shown in figure 5.
Paper models were suspended by small wires from the base. The models
cast a shadow on the milk-glass hemisphere. Photographs were taken at
a great distance from the hemisphere., The area of the image of the
shedow on the film divided by the area of the image of the hemisphere
was a megsure of the configuration factor from a point source at the
center of the base of the hemisphere to the paper model. Excellent
results were obtalned with this apparatus.
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Mechanical integrator.- The first mechanical integrator was designed

by Hottel (reference 28). To operate this apparatus a telescoping pointer
was caused to trace the perimeter of a scale model of the intercepting
area while a scribe traced the projection on the paper. The configura-
tion factor was determined by planimetering the area. Cherry, Davis, and
Boelter (reference 29) designed a more elaborate mechsnical integrator
which was similar to Hottel's instrument with the exception that the
pointer was replaced by a light beam which was caused to trace the perim-
eter of the model in a semidarkened room. An integrator that is similar
but smaller than that in reference 29 was bullt at the NACA Iewis Flight
Propulsion Laboratory. Another mechanical integrastor was designed at
Purdue University (figs. 6 and 7) that employed a different type of
mechanism. It consists essentially of a parallelogram linkage with an
optical system. The cross hairs of the telescope are caused to follow

the perimeter of the model of the intercepting area and the resulting
projected area is traced on the paper by the scribe. The precision 1s less
than 1 percent. This integrator was used to check various points on the
curves given in this report.

Photographic Methods

Jakob and Hawkins (reference-30) have developed a method in which
the model of the intercepting surface is covered with photographic f£ilm
and the interchange of thermal energy is replaced by the emission and
absorption of light. Area sources may be used with this technique. The
effect of an absorbing gas can be imitated by filling the cavity with a
light-absorbing medium,

England and Croft (reference 31) employed a similar method.

Approximgtion Method
The approximation method consists of subdividing the intercepting

area into a number of finite areas; for any particular area the finite-
difference form of equation (3) is used:

cos 67 cos 62 AAp (1b)

F =
dAy-MAp o2

The radius r is computed as fhe disfance between the centers of the-
two areas dA; and OAAp, and the angles are measured between r and
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‘the respective normals., The sum of the configuration factors to all
the AMAo's 1is an approximste value of F&AlﬁA2° Any desired accuracy

can be attained depending on the number of times the area Ap 1is
subdivided.

Determination of Mean éonfiguration Factors

Methods based on the projection principle of Nusselt can be used
only to obtain point configuration factors. -Let it be assumed that the
point configuration factors from the various points on the triangular-
shaped area (fig. 8) to some intercepting area Ao have been deter-
mined as:

Fla-ap = 01 Fogeny = 020
Fioeap = 0.2 ng’Az = 0.45
Fioap = 0-07 Foc-np = 01

The first operation involves obtaining the mean configuration factor for
various line sources located at a unique value of x. Using Simpson's
one-third rule, one obtains 0.162 and 0.358 for the mean line-source’ con-
figuration factors F(x/L) at values of x/L equal to 0.5 and 1,

_ respectively. :

The mean configuration factor FA1=A2 is-found by:'>

-1 ‘
FAl-A2 = A]_L/‘Al F(X/L) dA.

but aa = 2hL(‘x’/L) alx/L). -

Thus

Ty -hp = 2\ j(; ' Bx/%.)F(i:/Iii] d(x/I\.\)

~
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In figure 8 the values of 2(x/L)F(x/L) are plotted against x/I.
The area under the smooth curve drawn through these points is equal

to FAl_Aeo
GEOMETRIC FLUX ALGEBRA

In a system composed of n . "isothermal" zones, the following equa-
tion, written for the pth surface, gpplies to each of the n surfaces
because of the definition of the configuration factor:

n

D Faja; =1 (13)

i=

Thus, when n - 1 configuration factors for a given area are known, the
other may be determined from equation (13). Also, because of the use of
Lambert's form of the directionsl distribution function, the reciprocity
theorem gpplies: -

AF1p = AgFp (b

Por the system under discussion, n equations of the form of equa-
tion (13) can be written, and % n(n - 1) different forms of the reci-

procity equation (equation (14)) exist. If none of the n surfaces are
- — — 1
reentrant (;.e., Fjp =Fpp =F33 . . . = O), then only 5 (n - 1)(n - 2)

configuration factors must be independently determined, say from curves;
the remainder are quickly obtainsble by use of equations of the form of
equations (13) and (1)) mentioned above. If i of the n surfaces are
reentrant, the sbove number of independent configuration factors is greater
by i - 1.

This section gives simple rules whereby the usefulness of some of
the configuration factors can be extended.

1Hereafter, for brevity of notation, when the magnitudes of the source
and intercepting areas are otherwise gpparent, EAl’A2 will be written

Flz.
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The association of some physical concept with a function usually
decreases somewhat the apparent difficulty in its use. A fictitious
system will be created for the one purpose of permitting the A;F,o

product to assume the role of a flux. The radiant flux ¢12 represents

the radiant energy (in Btu/hr) leaving Aj incident on As. Since the
configuration factor is a purely geometric function, let a fictitious
system be postulasted (used only during the process of determining con-
figuration factors) in which each surface is an isothermal black body at
a temperature such that the emissive power W 1is equal to one British
thermal unit per hour per square foot. The genersl equation for the
flux ¢12 from Ay to Ap is given by equation (15):

F1o = WA Fyp (15)

Gio

(1)A1F0 (16)

For this system equation (15) reduces to equation (16), where Gip 1s

the geometric flux from Aj; to Ao and is numerically equal to the
product A F;o. By definition of the system the second law of thermo-

dynamics requires that G312 = Gpj. This is the reciprocity theorem., In
a composite system the geometric fluxes follow the laws of arithmetic:2

G(a2)(3h). = G(12)3 * G220
= G1(3h) T C2(31) -

= G-13 + Glll- + G23 + G'2)+ ‘ (17)

In figure 9 the rectangles Aq, A3, A7,‘and A9 are located
by the values of the various xp - and yj coordinates a, b, c,

2Tn the composite-system notation G(12)(3h) méans the G from the

area (Al + A2) to the area (A3 + Ah) and Gy (3,) means the G from the
area A to the area (A3 + Ay).

¢



and so forth, The identicel and dlrectly opposed rectengles A,', A3’, and so forth are the

projections of these areas on a parallel plene with the distance between planes of 2 unilta.
It is desired that the conflguraiion factor FA A9 (Flgt) be determined ss a function of

configuration factors of the type of configuration A-1,

The equation for Gl9' is:

G zgfbdxfdyfddxffdy = AT
9w, 1 z 1, 2 J, 2 %ﬂe 1F191

Ex2 - 31)2 + (y2 - yl)e + z

L]

52 o 1
' = -;[-fd dxy dlflf dxp [ D2 ‘
c g ~a e [(32 - 11)2 + (yg - yl)g +

%]2
Because of the symmetry of the integrand of these equations, it follows that:

Gigr = G371 = Gy = Gy3 (18)

Applicetion of the reciprocliy theorem will add four other geometric fluxes to this identity.
With these expresslons and flux algebra one gets G19. in terms of G's, each of which 1is

9T

9tge NI VOUN
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- of the type of configuration A-1, To shorten the notation, let
S(12345)2 = G(123b5) (112131 k5t )

- 1 - le
G9! =y %(123456789)2 l:G(125678)2 * S(23u589)2 * G(us6789)2 *

2+G

G(123l+56)2:| ¥ E"(1256)2 ¥ Clozus)2 * Cuseg)2 * G(5678)€] ¥

[user2 * Sassrz] - [S(asp2 * Sasy2 * S(sp2 * G(%)E]} (19)

Since G19: = A1F19" G(23h5)2 = (A2 + A3 + Ay + A5)F(23h5)2’ and so
forth, these substitutions should be made to solve for F19x,

In a similar manner the following expressions are obtained:

) Gypr = %E(m)g - Gp - G22:| (20)

1
22 * G2 * Gas)2 * Ss62] (21)

In figure 10 1t is easy to get:

G161 = G16)6" - Cge (22)




Crar = Ga6)(1'6") - G(16)6' ~ Gp(ate') * Ces

The @G's in the right members ere gll of the form of configuration A-2,

Further extensions require an identity such as those obtalned previously,

In figure 10

Bine'b f@ fh fb jd
G,y = dy dy dx
13 T Ve 1 g 2 a 1 c [f

X5 - Xq)2 + y'le + Y’)E -
A= Ry L a

The followlng equations can now be obteined:

%T=%Ew®2'%2'%a

. 2
a Kxg - x1)2 + y12 + ¥o2 - 2¥y1¥p cos qu

(23)

(24)

8T

9Ege MI VOVN
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1 _ _ _
%y’eEﬁ%%@e %(2315)2 7 %1256)2 * C(us6)2

G(us6)(112131h5161) ~ G(123u56) (W56t * Gr1o56) (5160 *

S(2315)(4r5t) ¥ C(s6)(1r2rsrer) * Gus)(2r3rhest)

ey ~ Sasysr ~ 5612 < 52 ~ Ss(arsn) 02| (26)

In equations (19) and (26) the error in the result, G19, or Gl3"

may be many times the error in reading the curves, These equations
should therefore be used with caution. The use of an accurate interpola-
tion formula and the tabulated values of the configuration factors will
give sufficient accuracy to make equations (19) and (26) practicable.

The approximation method is always aspplicable when other devices fail.

Purdue University
Lafayette, Ind., August 13, 1951
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APPENDIX A
SIMBOLS

area, square feet
constants

directional distribution function
surface emissivity

Lembertian geometric configuration factor from surface Aj
to surface A,

factor accounting for effect of geometry and emissivity of

solid surfaces and gases contributing to net radiation
between A; and A,

geometric flux from Ay to A,, Btu per hour

constant ‘
convective-heat-transfer coefficient, Btu/(hr) (sq f£t) (°F)

equivalent radiant-heat-transfer coefficient,
Btu/ (hr) (sq ft) (°F)

areal intensity of radiation, Btu/(hr)(sq ft) (steradian)
constant; also mean beam length, feet

cgnstants

rate of net heat transfer, Btu per hour

length variable, feet‘

static temperature, °F or °F ebsolute, whichever is
applicable

gas volume, cubic feet

emissive power, Btu/(hr)(sq ft)
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X,¥,2

o/
A

0,0

w

Subscripts:

b

[

e

g

spatial variables, feet
surface absorptivity

symbol indicating small but finite part of

angles

Stefan-Boltzmann constant,

0.173 x 10-8 Btw/(hr) (sq £t) (°F abs. )4

radiant flux, Btu per hour

solid angle, steradian

rotor blade
casing
effective

gas

gas in combustion chamber

gas in tall cone

21

ges in tail cone with afterburner operating (this gas

body begins 1 £t behind rotor blades)

mean

stator blades
rotor-blade shroud °
tail-cone surface

line source on rotor blade at a distance x from
leading edge
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APPENDIX B
DESCRIPTION OF CONFIGURATIONS

The configurations described have been named so that it is obvious
that the source, or first subscript area, of the configuration factor is
either a plane point source (P-1 etc.), a plane line source (I-1 etc.),
or a finite-area source (A-l etc.). The configuration factors are given
as functions of two or more parameters which are dimensionless ratios of
significant lengths and these parameters are defined herein for each
configuration. The configurations are as follows:

Configuration P-1: A plane point source dA; end a plene rec-
tangle Ap parallel to the plene of dA; (see sketch). The normal
to dA; passes through one corner of Ap. The curves for this con-
figuration are given in figure 11 where F12 is plotted as a function
of x and y with x =a/c and y = b/c. The equation for Fio 1is

presented in appendix C and the configuration-factor values are given
in table 1.

Ve
7

A N

i Az 1

Configuration P-2: A plane point source dA; and a plane rec-
tangle Ap, the planes of dA; and A, intersecting at an angle ¢

(0° <& < 180°). The configuration-factor values are given in table 2
and the curves plotted in figure 12 for various values of &, N,
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-

and L, wvhere N =a/b and L = c/b (see sketch). (See appendix C
for equation.) .

/s
/7
A dAq
c
Configuration P-3: A plane point source dAj] and any surface Ap

generated by an infinitely long line moving parallel to itself and to the
plane of dAj. (See accompanying sketch.) The configuration-factor

=1 -
equation is F., = 2(cos 8 - cos w)..

¥ dA [l // [4M] e o
VG W S
Configuration P-l: A plane point source dAj and any infinite

plane Ao with the planes of dA; and Ap intersecting st an
angle 6, as shown in the following sketch. For this configuration.

Fip = %(l + cos 6).
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Configuration P-5: A spherical point source dAj and a plane
rectangle Ao; the point source is located at one cornmer of a recténgle
that has one common side with As. The planes of the two rectangles
intersect at sn angle & (see sketch). The equation for this con-
figuration is given in appendix C and the configurstion factor Fip0 1is

plott7d in figure 13 as a function of x and y where x = b/c and
y = a/c.

Configuration P-6: A plane point source dA] and & plane circuler
disk Ao (see sketch). The plane of dAy; 1is psrallel to the plane
of Ap; the point source is located st a distence r; from the normsl

to the center of Ap., The configurstion factor Fio 1is plotted in fig-
ure 14 for various velues of E and D where E = rpfd end D = d/rl.

The equation for this configuration is given in appendix C and the
configuration-factor values are presented in table 3.

T

jrs
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Configuration P-7: A plane point source dA; and a plane disk Ap,
the planes of dA; and Ay intersecting at an angle of 90°, The cen-
ters of Ap and dA; 1lie in a plane that is perpendicular to the -two .

planes. The equation for this configuration is given in appendix C in
%terms of. R and D for R=1r/b and D = a/b (see sketch).

Configuration P-8: A plane point source dA] and a right circular
cylinder Ao of length 1. The normal to dA; passes through the '

center of one end of the cylinder and is perpendicular to the axis of

the cylinder (see sketch). In figure 15 the configuration factor is
plotted as a function of D and L vwhere D = d/r and L = 1/r.

(See appendix C for equation and table 4 for configuration-factor values.)

dAj
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Configuration P-9: Two concentric cylinders of radius r and 4
and length 1 with a point source dA; on the inside of the large

cylinder at one end. The configuration factor Fll is from the point
source dAj on Ay t0 Aj; Aj does not include the ends of the

annulus. The equation for Fyp is given in appendix C in terms of D °

and L with D'=d/r enmd L = 1/r (see sketch). The configuration-
factor values are given in table 5 and the curves are plotted in
figure 16.

Configuration P-10: Same geometry as that of configuration P-2
with a triengular area added to the top of A, (see sketch). For this

configuration N = a/b, L =c/b, and 8 = tan~1(k). The configuration

factor is plotted in figure 17 as a function of L and 6 with @ = 90°

and N = 0. The equation is given in appendix C and the configuration-
factor values are given in table 6.
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Configuration P-11: Same geometry as that of configuration P-10
with the triangle reversed, as shown in the accompanying sketch, and
N=a/b, L=c/b, and 6 = tan-1(k). See appendix C for equation,

table T for values, and figure 18 for configuration-factor curves with
® =90° and N =0, .

Configuration P-12: An infinitely long cylinder Ay and an infinite
Plane Ap, mutually parallel (see sketch). For this configuration M = m/r,

N = n/r, and the configuration-factor equations are as follows:

’ 1
Fpy-ap = 5(1 + cos @)

Fp,-a, = nf(x2 - ¥2)

Al

" Jp,

le— 5 5]

Po
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Configuration L-1: A line source 3Aj] and a plane rectangle Ao

parallel to the plane of dAj] with dA] opposite one edge of Ao,

The configuration-factor values are given in table 8 and the equation
is presented in appendix C. Figure 19 is a plot of ¥1o as a function

of x and y where x =b/c and y = a/c (see sketch).

o

7
/.

— en che s s eme =

da;

Configuration L-2: A line source dA; and a plane rectangle Ap
vhich intersects the plane of dA; at an angle ¢. The configuration

factor is plotted in figure 20 as a function of N and L for various
values of the angle ¢. For this configuration N =a/b and L = c/b.
(See appendix C for equation and teble 9 for configuration-factor values.)
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Configuration L-3: A line source dA; and a right circular cylin-
der Ao, both of length 1; the normal through each end of the source
passes through and normal to the center line of the cylinder at the
ends., The configuration-factor values are given in table 10 and the
curves plotted in figure 21 in terms of the parsmeters D and I,
where D =d/r and L = I/r (see sketch). '

fe———— 1]
\\
\ A 5
- ——— 2 —
¥ |

Configuration L-4: Two concentric cylinders of radius r and 4
and length 1 with a line source, or element, dA; on the inside of
the large cylinder (see sketch). The configuration factor Fi; is
from dA; to Aj. This factor is plotted in figure 22 as a function

of D and L with D =4d/r and L = l/r. (See table 11 for
configuration-factor values.,)

Configuration L-5: Same geometry as that of configuration L-U4 (see
sketch above). The configuration factor from dA; to either end can be

obtained from figures 21 and 22 and the equation

Faay-one ena = %(1 - F13 - F1p)
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Configuration A-1l: TIdentical, parallel, directly opposed rectangles
Ay and Ap, as shown in the following sketch. The configuration-factor

values are given in table 12 end plotted in figure 23 in terms of the
parameters X and y, wvhere x = b/c and y = a/c. (See appendix C
for equation.)

Configuration A-2: Two rectangles A; and A, with one common

edge and included angle ¢ Dbetween the two planes. The configuration
factor is plotted in figure 24 as a function of N and L for verious
values of ¢. For this configuration N =a/b and L =c/b (see
sketch). The equation for Fy, is given in appendix C and the

configuration-factor values are presented in table 13.

]
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Configuration A-3: Two rectangles Ay and Ap in parsllel planes
with one edge of A; parallel to one edge of A, (see sketch). The

conflguration factor F12 can be obtained from figure 23 and
configuration-factor algebra.

Configuration A-4: Two rectangles A and Ao with one side
of A; parallel to one side of Ao; the planes of A; and Ao,  inter-
sect at an angle ¢ (see sketch). The configuration factor Fi1p can
be obtained from figure 24 and configuration-factor algebra.

Configuration A~5: Parallel, directly opposed, plane circular
disks (see sketch). For this configuration E = rpfd end D = d]rl.
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The values of Fqp are given in table 1k and the curves plotted in
figure 25 in terms of E and D. (See appendix C for equation.)

et ) -]

Configuration A-6: Same geometry as that of configuration A-5
(see also accompanying sketch). Using figure 25 and configuration-
factor algebra, one cean obtain Fy) from the following equation:

Angh = (& A2)E(12)(3h) - F(l2)1z’ - All:l;l(3h) - FJJ;]

CED

Ao

Configurations A-7 and A-8: Two concentric cylinders of radius r
and d, respectively, and length 1; A is the inside surface of the

large cylinder, Ao 1s the outside surface of the small cylinder, and
A3 1is one of the ends of the annulus (see sketch). The factors Fio

(configuration A-T) and Fy; (configuration A-8) can be obtained from

figures 21 and 22, respectively, with D = d/r and L = Z/r. (see
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also tables 10 and 11.) The factor F13 is obtained from the following
equation:

Fi3 = %(1 - Fio - Fll)

All factors involved in the annulus csn be obtained from figures 21
and 22, configuration-factor algebra, and the following equations:

(ha/A3)F13

(A2/A3) 23

(A2fas)2 2 - Fz1)
%KA2/A3) - (AlIA?))FlZZl

F33 =1 -F3l —F32

F31

,F32

]

Lbace bk
c\\:»\e\e\/g

Configuration A-9: Two parallel, concentric cylinders A; and Ap
of radius r; and rp, respectively, and infinite length (see sketch)

so that F12 1 and F2l = I‘l/I'e-

Ao
Ay
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Configuration A-10: Two concentric spheres A; and Ap of
radivs ry and ro, respectively (see sketch). The configuration-
factor equations are Fip =1 and Fpy = (rerE)e.

Configuration A-11: An infinite cylinder parallel to the plane of
an infinitely long rectangle of width 1 - m., The configuration-factor

equation is
7

L+

Fip = El/(L - Mﬂ tan~1(1/N) - tan-1(M/N)
where N = n/r, M =m/r, and L = 1/r (see sketch). For M = 0,

.Flz = (1/1) tan-1(1/W)
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APPENDIX C
CONFIGURATION-FACTOR EQUATIONS

Some of the more complex configuration-factor equations are pre-
sented in this appendix. Each equation is given in terms of two or
more parameters which are dimensionless ratios of significant lengths.

. These parameters are defined in appendix B where the configurations

are described a4nd illustrated.

Configuration P-1

S e M

1im F12 = X __

~ y—r» hql-+ X2
lin F,, = _—
X—)c0 )-I-vl y2 .
Configuration P-2

Iet V = = and W =\1+ I sinp
VNE + I2 - 2NL cos @
Then

F., = = {tan-1 i) + V(N.cos @ - L) tan-1v + S95 ®lian-1 H—:—lLEQE—Q) +
12 2x L . W W

e}
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lim Fqp = = tan-l(l) + ME + tan—l(L cos ¢»)]}
Ne—>oo 2n L W |2 W

lim F12 =0
L—w
a
lim Fq, = l(1 + cos ¢)
12 7y

L30

lim  Fyp =0
Ny L—>e0,

Configuration P-5

1 x(y - cos ®
Fqp = — Jtan-1 ly ) + tap-1f%_cos @
12 7 )y
(o)

Vl + x2 + y2 - 2y cos dl + X2

For ¢ = 90°,

lim F12 = —— ta,n—ly
X—>00 .
lim Fip = %
X—>x®
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Configuration P-6

12 2

P2
P =;<1_HL

)

where

Ux2 - 4E2p2

x=1+(1+5)p°

Configuration P-7

ppp =D 1+ 824 12 3
2{(1+32+D2)2-1m2

Iet A=(D+1)2+1% and B=(D-1)2+ 12

1
1lim F. . ==
R—>1 12 2

D° + 2
< D2 + k4

Configuration P-8

F12=—1—ta.n"l —_— +£A——"2Dt&|.n"l A—-(Dfl) 1
® o \®-1/ TpyaE - JB(D+1) D

Configuration. P-9

_l_l i -1 ~ _]_ -1
Flp =3 + = L tan \JD-? 1 tan

2

L

(Lz v orP )m_iE(Dz- N2+ 2P| |

R

Ié-l;(nz-l

wf

o
1

+

LH I

-
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Configuration P-10

Let
A= {(kz + 1)L2 sinp + (N - L cos ¢)2
and |
B = \Jl+ 12 sin2¢>
Then

2
- k -
F12 = __];_ .tan-]_ i + N cos ¢ L tan-1 ( + l) + k(N L cos 0) )
25 I A A
ta,n—lEi(N - L cos <Di| , cos ¢ tan-l(L cos @) +
A B B
tan-l(N - L c]c;s o + k}l

For N=0 and ¢ = 90°,

1 -

2x L

T

Configuration P-11

Iet

A= \'(k"2 + l)L2 sinzqaf (N+ k- L cos 0)2

and

B = \1+ I? sin®p
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Then

Fip = 1 tan"l cos @ <I> tan _1 L cos dﬁ) tan-1{L_cos tb) N
2n . B

(N + k) zos¢ - L{tan_ll - k(N -AL cos (DTI .

tan-1{kK(N + k - L cos @)
A a

For N=0 and ¢ = 90°% let ¢ = \JLE + x2(1 + 19,

Then ) y

o & farif) - i) « i}

Configuration L-1-

Fip = = |1 + %2 tan-1 etan'ly;itan‘l-—x—
12 [ (\Jl + x2) R ql + y2 (\]l + y2>

_ J
lim Fip =

X—>o o\1 + y2

lim Fyp =

Yy—>x x

-
TN
'_J
+
le._;
. l ‘
=
~—_—
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Configuration L-2

2 2(12 - )
Fip =1 tan'l(l)+LSig°1oge 12(12 - oNL cos @ + 1 + N2) |
L (1 + 12)(12 - 2NL cos ¢ + N2

L'Bin¢°08¢ﬂ-¢+tan-.ll\‘_‘_1ﬂ;°) .
2 L sin ¢

cos Q‘Jl + L2 sin2® ta,n—l( N-Lcos @ >+ ta.n’l(' L cos ¢ > +

‘E + I2 sin®0 \jl + 12 sin0

Ncos o -1L tan-1 1
VI2 - oNL cos ¢ + N2 VI2 - oNT: cos ¢ + N2

2 ° 2
lim F12= l -tan-l 1‘_ + L cos ¢ sin=d lOge L _
n T 2 cos O 1+ 12

)
sin o(n - ¢) + VL + IP sin0|x + tan-1f L cos @

2 >
- \ll + I2 sin

L—»
_ 1
lin Fy, = 5(L + cos 0)
L—0
lim F12 =0 <

¥—0
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Configuration A-1

2y]1/2
Fle—__logel:l+x l+y—-| +yl+xtan—l__L+
L+ 2 432 | =

qu + 32 ta.n"l( X y2> -y tan~ly - x tan‘lx}
ql +

lim Fp=,|t+ L -1
X—>m y2 ¥
1im Fop = |1+ = - =
A e
y—>w x
X~—> 0
y—>

Configuration A-2

For o = 900 B

F12 = < L ta.n"l(.];) + N ta.n"l(i

2 2 1
- \N© + LF tan-lf{— +
nL L N) . (r__N2 — )

'lli 1oge {LJ' 12)(1+ ¥ TI[(I?L* 12 + 12) 2I_I\T‘2(1+ I2+ N2 )—IN?

1+ N2+ 12) 1+ L2) 12+ N2) l_(1+N2)(L2+ Nen




ko : NACA TN 2836

lim Fyp =0
L—>w

C1lo1f1 1 L 1+ 12
1im F12—E|Ea.n 1(£)+Eloge (1 + 12) - § 1oge (Til

N—>»
Configuration A-5

F12 =%( - m>

where

x=1+ (1 + E2)D2




NACA TN 2836 43
APPENDIX D

ANATYSIS.-OF RADIATION TO THE ROTOR BILADES

OF A GAS TURBINE

An approximate analysis is given of the net radiant heat transfer
to the rotor blades of a gas turbine under different conditions of tem-
perature and pressure. The rotor blades were postulated to be at a
temperature of 900° F for the entire analysis. The analysis indicates
that at the lower gas temperature, 1600° F, radiation is apparently
negligible compared with convection, whereas at the higher gas tempera-
ture, 2500° F, the relative effect of radiation is still not great but
is no longer negligible,

The postulates upon which this analysis is based were established
in a conference with Messrs, H. H. Ellerbrock and Jack B. Esgar and
Drs. E. R. G. Eckert and Thomas W. Jackson of the NACA Lewis Flight
Propulsion Laboratory.

Introduction

At the present operating gas temperatures the heat transfer to the
rotor blades of an aircraft gas turbine due to radiation is not appre-
ciable compered with that due to convection. There are many advantages
to be gained from operating at higher gas temperatures and, if cooled
nonstrategic metals are to be used, it 1s desirable to know the effect
of radiation at those temperatures. Since the rotor blades are the
most critical item in cooling a gas turbine, it was decided that the
available time could be most profitably spent by confining the analysis
to the rotor blades and their radiant environment.

The convective-heat-transfer coefficient h, is defined by
= q/A(Tg,e - Tb)

where Tg,e is the effective gas tempersture and T, the rotor-blade

surface tempersture. (See appendix A for definitions of all symbols.)
The effective gas temperature is a function of the recovery factor and,
depending on whether one wishes to use the data for component design
or for correlating basic heat-transfer dsta, one of three recovery
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factors may be employed - each of which gives a different value for hg.

The results of this apalysis are given in the form of sn equivalent
radiant-heat-transfer coefficient h,. The total temperature of the gas

in the combustion chamber was used as the effective gos temperature. The
reader can convert the h, vaslues given to more accurste ones by multi-

plying by the ratio of the temperature difference used herein to the
temperature difference containing the recovery factor of interest to
him, o .

Definition of System

Geometry.- The system to be analyzed is en idealization of the
J-35 gas turbine as depicted in figures 26 to 29. The stator-blade
system was postulated to be geometrically similer to the rotor-blade
system since drawings of stator blades were not availsble. Two analyses
were made, as follows:

(a) Radial analysis on a line source (the line being radial or
parellel to the length of the rotor blade and tangential on the hub and
shroud of the blade). The point configuration factors (for points
indicated in fig. 28) were obtained from the curves of this report for
points along each line source; then the mean configuration factor for
each line source was determined by numerical integrastion. After the
line configuration factors were obteined (see fig. 30), these values were
associated with lines on a system of rotor blades in which the cross
section was identical with section C-C (fig. 28) from blade root to
blade shroud. This geometry was used for the anslysis resulting in
figure 31.

(b) Gross analysis of radiation to the rotor blades in which the
blade system was represented by an equivalent blade area described by
constructing a splid ring of width equal to the blade length and of
thickness equal to the blade thickness. The "ring" construction was
also used in the case of the ststor-blade system. The effective emis-
sivity of these equivalent areas will be described later. The various
mean configuration factors were obtained from figures 21 and 22.

Numerical integration of figure 30 gives the following values:
Fp_g = 0.15, PFy_4 = 0.19, and Fy_3, = 0.66. The mean configuration

factors for the gross analysis as obtained from the curves are

Fy e-g = 0.84 and Fy o 4 = 1. Other pertinent facts related to the
J J .

geometry are: Blade length, 3.55 inches; blade circumference,

16.15 inches; actual blade area Ap, 19 square inches; and effective.

blade area, 2.7 square inches.
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Surface emissivities.- All metal surfaces were postulated to be

gray with an emissivity of 0.7 (reference 1). In the case where the
stator blades were postulated to be ceramic an emissivity of 0.9 was
used.

The effective emissivity el,e- of a surface A, which, because of

asperities, or systematic grooves, in the surface, can "see" itself and
has an actual area greater than its effective area as viewed from a dis-
tance is given by:

e
e =
. BT (1 - e)Ppy

vwhere ey 1is the emissivity of the smooth surface. This equation is
not valid for large angles from the normal to Al,e or for asperities

in which each point cannot "see" all other points on the asperity. The
blade system can be considered as a coarsely rough surface, but the
above equation does not apply. A more detailed analysis reveals that
the equivalent area of the blade system with an e, of 0.7 has the
radiating characteristics of a gray surface with an e of 0.85, trans-
mitting (by multiple reflection) about 0.1 and reflecting about- 0.05.
For an e; of O. 9 the value of el e is 0. 95

Gas geometry.- The "mean beam length" or equivalent hemisphere
radius was computed by the formula (reference’ 32)

L = 3.6V/A S

where V 1is the gas volume, A,‘the surface aroo, and L, the mean
beam length. ) ’

Description of system.- The temperature and pressure conditions

and the composition of the products of combustion for the radiation
analysis were as follows: . <
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Condition I IT .

Gas temperature in combustion chsmber, °F . . . . . . . . . 1600 2500
Gas temperature in teil come, °F . . . . . . . + « . . . . 1200 1800
Gas temperature in tail cone with efterburner

operating, OF . « o & o = o o o o o o o. 0 o o « o o o « « 3500 3500
Water in combustion products, percent . . . . . . « . . . . 3.1 7.0
Water in combustion products with afterburner

operating, PETCENt .« « « o o o o o o o o s o s o o o . . 12,6 140
Carbon dioxide in combustion products, percent . . . . . . 2.8 6.2
Carbon dioxide in combustion products with afterburner

operating, percent . . . « . ¢ o o o o s o o o 0 e o . o 11.3 12.5
Carbon monoxide in combustion products, percent . . . . . . 0 0
Pressure in tail cone, in. HE @bS. .+ & & o o o o o « o o & 60 165
Rotor-blade temperature, OF « « & « « o o s o o o« o« « » « « 900 900
Tail-cone surface temperature, °F « + « « « « « ¢« &« +» - « - 1000 1600
Stator-blade temperature, °F . . . . « + ¢ o ¢ « o o » . o 1200 1200
Turbine-wheel-casing temperature, °F . . . . « . . « . . . 1100 1500

These conditions were also varied slightly as follows:

(1) Condition Ia: Same as condition I except that the stator-blade
temperature was changed to 1600° F

(2) Condition IIa: Same as condition II except for the following
changes:

(a) Stator material was ceramic with an effective emissivity
of equivalent stator-blade area of 0.95

(b) Stator-blade temperature changed to 2500° F

Discussion of Analysis )

Becsuse of the excess air the combustion efficiency in an air¢raft
gas turbine is 90 percent or greater (reference 33) so that, in the
present report, the products of combustion were postulated to be non-
luminous and to contain & negligible smount of carbon monoxide. Gss
radiation from the space between the rotor blades and from the space
between the rotor blades and the stator blades was neglected because of
the small dimensions. In the determination of the composition of the
products of combustion the effect of heat loss from the combustion-
chamber area was neglected. For this reason the percent of radiating
constituents postulated was probably too small.

Excellent treatments of presently available methods of calculating
radiant interchange are given in references 1 to 3. The reader is
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invited to consult these references for the details of radiant inter-
change. Only a summary of the equations wused will be given,

The gas-radiation calculstions are no doubt in error because of
the use of data valid only for a total pressure of 1l atmosphere. There
is need for such data at higher total pressures as well as for similar
data for luminous flaemes such as occur in the combustion chamber of a
gas turbine. Some luminous-flame data are available (references 3k
to 36); however, they are not strictly applicable to the present problem.

In the gross analysis of the blade using the effective blade ares
and emissivity, equation (D1) is applicable:

hr,m =g

Ab e t )

2 T - T L £ +
— g,t b g-b,e

Ab (Tg,e Tb) b4 eg’t 154

Ab,e

(Tth - Tbh)ft-b,e + (Tch" Tﬁh)fc-b,e<ésh ) +

@g,ab ‘ »
(Tg;t’abllL = ‘Tbﬁ)fg’t’ab'bve * (Tsh\' ?bh)fs-ﬁ:;] (Dl)

g,8b

where\
1+ (1- Ftt)(l - ét)(l - eé;t)
- (1= eg)(1 - eg,t) Py

fg-b,e -

ey, eet(l - ag,f)\‘
1- (1 - g,ty(l - eg)Fey

ft-b,e

fs-b,e = ©s,e®b,efp,e-s
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1
il
c-b,e
s 1,1 _ 5
€c ©p,e

fg,t,ab-b,e = eg,t:abeb:eag’t Fb,e—g,t,ab +

- et)(1 - Py, e-g,t,ab)Fo-g,t,ab
1 - (1 - eg)ag,iFut

The radial analysis on a line source along the blade (see fig. 31)
was computed from the following equation (equation (D2)). Equations (D1)
and (D2) may be derived by tracing the history of a ray emitted from the
source or sink involved.

N eoea(l - )
brx = (Tg,e ~ Tb)-{%TS - Ty )es,e Fys * 1= (l ~ eb)Fb-b

vt (L - o)
U T B x-b b-t £
( t X )at x-t 1 (l _ eb)Fb-b t-b,e +

@ F -be-t(l - eb)
R gyt T b e F + = f D2
( gyt X > g,t] x-t 1 - (l _ )Fb—b g,t-b,e (p2)

In equation (D2) the effect of afterburning was neglected; this
analysis was used only for condition I to obtain an approximation for
the distribution of radiant flux over the blade. The numericel inte-
gration of this result over the blade surface added to the net flux
between the blade shroud and the casing agreed with the same calcula-
tion by the gross-analysis method to within 10 percent.
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Results

The results of the analysis are presented in the following table:

Heat flux to rotor blades from
sources indicated Radiant~
(Btu/(hr) (sq £t of blade) heat-
Condition transfer
coefficient
Tail-cone|{Tail-cone|Stator Turbine Afterburner ?
wheel hy,
gases surface |blades gases
caslng
I 4o 265 625| 435 120 2.1
Ia 4o 265 2,210 435 120 ky
II 340 2050 625| 2080 610 3.6
ITa 340 2050 |16,;500| 2080 610 13.5

The effective gas temperature used in computing hr was 1600° F for
condition I and 2500° F for condition IT.

Discussion of Results

The effect of the radieating gasses in the tail cone is to absorb
slightly more of the lower-temperature radistion from the tail-cone
surface to the blades than the gas emits to the blade. Thus, if the
gas radiation had been neglected the results would have been almost the
same. This indicates that, for a given gas tempersture, at still higher
altitudes the convection would decrease but radiation would increase
slightly.

The analysis corresponds to a gas turbine with a compression ratio
of 10 operating at sea level with a combustionh gas temperature of 2500° F
(conditions II and ITa) and operating at 25,000 feet with a combustion
gas temperature of 1600° F (conditions I and Ia).

It is interesting to note in figure 31 that, in order to eliminste
the tendency for a "hot spot" at the leading edge of the rotor blade,
a wedge or sharp.leading-edge profile would be required. This is in
opposition to the accepted procedure of increasing the radius of curva-
ture of the leading edge to suppress a hot spot due to convection.
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The effect of the afterburning on the heat flux to the rotor blades
was smaller than expected. This was due mainly to the lsrge distance
(1 £t) from the blade area to the beginning of the afterburning.

-~
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TABLE T

VALUES OF CONFIGURATION FACTCR P-1

7 0.1 0.2 0.4 0,6 1.0 2.0 k.0 6.0 10.0 20,0 P

x g
0.1|0.0031h [0.00616 |0.01147 |0.01553 [0.02034 [0.02386 |0.02kT72[0.02483 [0.02487|0,02487 (0. 02488
.2| .00616| .01209| .02252| .03051| .0koo2| .ok7oL| .04B72{ .04893[ .okS0l| .04903| .0k903
A oLo1ak7! L02252] Lokook| .o5710| .07525) .08885| .09223] .092661 .09281 .0928%| .09285
.6| 01553 | .03051| .05710| .o7782] .10320| .12272| .12771| .1283%| .12856| .12862| .12862
1.0| .0203%4| .okoo2} .07525| .10320| .13853| .16738) .17527| .17631| .1766T{ .17676{ .1T678
2.0| .02386| .olo1| .08885| 12272 .16738| .20776| .2207B| .22269| .223k0( .22358) .22361
b.0| .ook7ei J0u872] .09223) .127T1] .17527| .22078| .23786| .2L08%| .2uke1k| 24248 .2h25k-
6.0| .02483| .04893] .09226| .12834| .17631| .22269| .24039| .2hhhs5| .2heok} .2k652| 24660
10.0| .02487| .okg01| .09281| .12856| .17667{ .22340| .2he1k| .2460k| .2479T| .24864| .24BT6
20,0| .0287| .0k903| .0928%4| .12862| .17676| .223581 .2h2k8| .2h652( .2u86L4| .24gko| 24969
w | 02488 | .okgo3| 09285 .12862] .17678| .22361| .2425k| .2k660) .24876| .2U969| 25000

—

-
=]

¢
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TABLE 2

VALUES OF CONPIGURATICH FACTOR P-2

N
0.05 0.1 0.2 0.k 0.6 1.0 2.0 ko 6.0 10.0 20,0
L -
& = 30°

[¢] 0.4665 | 0.4665 | 0.k665 | 0.4665 | 0.k665 | 0.k663 | 0.4665 | 0.4665 | 0.4665 | 0.4665

.03 L3976 | 43 | . Jheos | . . Ao | . .7V e T3

.1 .1853 | . Jah39 | JhW80 | 438k | JB%96 | . Jbe2n | . .

.2 0212 1852 .3972 Jh313 367 5550 k569 A5 572 573

.5 .0031 | .o21:1 | .18%5 | .3%08 R .70 B 455 | .48 | .

.6 0063 | .0526 | .1828 | .3608 | .kxo | .h302 | -.B315 | .hk320 | .4322
1.0 L0015 { L0098 | .0350 | 1759 | .3850 | . .3982 | .3990 | .3996
2.0 L0011 | .0031 | .01%0 | .1468 | .29%9 | .3081 | .3100 | .3130
L0 L0011 . . 1703 21927 | -.1966
6.0 0017 | .o176 | . .1270 .1381
10.0 .00 L007Th | L0438 | .0T96
20,0 .0066 | .0219

N ¢ = 60°

[} 0.3750 | 0.3730 | 0.3750 | 0.3T39 | 0.3750 | 0.3750 | 0.3730 | 0.3T0 | 0.3730 | 0.3T30

.05 2500 | .3193 | 391 | .3579 | .36k0 | 3673 | .3686 | .3688 | .3689 | .

.1 .1250 | .2 L3187 | .3386 | .3520 | .3596 | .3618 | .3623 | .3625 | .3626

.2 L0334 | .,12h7 | .2488 | .20%8 | .3263 | .3h32 | . L3488 | 3152 | .349%

R 3 0072 | .0330 | .1228 | .1981 | .2678 | .3076 | .3183 | .3202 | .3211 | .3215

.6 0029 { L0132 | .0%82 | .1187 | . 2103 | . .2910 | .2925 | .93
1.0 .0038 L0175 .oh22 L2060 | . .23k | .2372 | .2399 | .2k08
2,0 L0026 | .006% | .o201 | . A3k | aks2 | L1517 |
4.0 002k .011k .0k19 .0630 .0T76 .0833
6.0 : .0032 | .oukk | .0286 |- .0458 0551
10.0 N .0029 | .0070 [ .027H | .o301
20.0 002y |,

N o = 90°

0 0.25000 | 0,25000| 0.23000| 0.25000] 0.25000[ 0.25000{ 0.23000| 0.25000| 0.25000| 0.25000| 0.23000

.02 J15TA5 | .20096] . .23736] .2h136| .2hh32| .2460B| .24662] .246T73| .24679| .2h6BL

05| .07322 | .13817| .189: .21860f .228k5| .23581| .2h021|. .241%6| .2M1B3] .2k197| .2hkeo3

1| L0268 .07317{ .13799|. .18860| .2073%| .2217h| .230%6| .23316] .23370| . .230

.2 | .o07 . .07283| 13672 .16791 .19438| .2n27| . 2T 28271 .21850

.5 | 00189 | .oo129! .02370| . .10592f .1ks521| .175e1| .18558| L18T70f .18881 .18928

.6 | .00081| .00318| .om97| . .066%0| .10%95| .14336| . 216139 .1630%| .16373
1.0 .00026 | .00101] .00396| .o1kh2| .o2826| .035TA| .09507| . J1207h| .12343] .12h60
2.0 .00265| .00571| .01393| .035%5| .0%813] .06590( .o70TR| .0T300
k.o - .002251 007671 .01930f .02682| .03352| .037h6
6.0 .00261( ;00804 .01308| .01928] .o2410
10.0 - - .00218| .o0b19| .00792] .01268
20.0 < .00159| .00397

. . © = 120° )

4} 0.1230 | 0.1250 [ 0.1250 | 0.1250 | 0.1250 | 0,1250 | 0.12%0 | 0.1250 | 0.1230 | 0.1250

.03 L0608 | .0861 | .12033 | .2096 | .2186 |- 1178 | .1388 | 90 | L1191 | .1191

A ] L0335 | .0609 | .08%8 [ .096% | .1052 | .10 | .1128 | .132 | .n3k{ .1133

.2 . 031 .0332 |, .0600 | .OTHS .0883 | .0982 | .1017 | .1025 | .1028 .1030

R . .0133 | .0328 | L0457 | .0623 | .0T69 | .03 L0852 | .08k | ,0832

.6 0020 | .0067 | 0184 | .o292 | .okk3 | .0603 | .0679 | .0897 | .0708 | .om3
1.0 002k |~ 0076 | .o13%"| .0236 ] .0380 | . 06 | .om12 | .0520
2.0 .0016 .003L 0067 +O1kk 022k .0256 .0280 .0292
k.0 . .0013 L0036 { .007T7 [ .0102 | .0128 | “.03h46-
6.0 .00tk | .0035 | .0052 | ~.0073 | .0092
10,0 .00l | 0009 | 0031 | .
20.0 . N .0016

. . ® = 150° ~

o 0.0335 { 0.0335 | 0.0335 | 0.0335 | 0.033% | 0.0335 | 0.0335 | 0.0335 { 0.0335 | 0.0335

.05 L0130 | .0226 | .o267 | .028% | .0300 | .0311 | .0312 | .0315 | .0315 | .0%15

.1 .0086 | .01%2 L0217 | J02%6 | .0272 | . L0206 | .0297 | 0297 | .

t .2 .0037 | .008% | .oukg | .0186 | .0222| .0251.| .0261 | .0263 | .0263 | .0265

R .0p13 | .0036 | .0080 | .o13 | .0152| .0190 | .0206 | .0210 | .0213 | .04

. .6 . L0019 | L0072 | .0107 | .0185 | .0165 | .o171 | .o17h | .0276

1.0 * L0020 | . .0057 |~.0090 | o112 | .0m8 | .0123 | .02k

2.0 .0017 | .o003% | .0032 | .00% | .0063 |~

+| ho . . .002k | .0029 | .003%
6.0 .0012°| .o017 |

.| 10.0 s .0011




TABLE 3

VALUES OF CONFIGURATION FACTOR P-6

nE 0.1 0.2 o..3 0.k 0.5 0.6 | 0.8 |10 |20 |3.0 ko |50 6.0 |8.0]10.0
0.1 |0 0.00001 [0.00001|0.00002 [0,00002 |0.00004 |0, 00007 |0.0001 |0.0004 [0, 001 |0,002 [0.00L |0, 008 0,041 [0. 475
. S U PO T ] O PR .002 | .00T 018 L051| .191] .879]| .969
.2 | .00002| 0001 | ,0001 | .0002 | .000k | .0005 | .001 | .002 | .008 | .029| .110| .450| .820| .961| .983
N [SSOSIOURENGY FRSPRPRVVIPRY JOORPIPIORIOO PRSI PRSPSRNOR, (RPStSory (ERTSSY 052 | .270| .719| .893| .9u7| .978| .o88
.4 | L0002 | .Q01 | .002 | .003 .005 .007 L01h o.02k | 185 | .6ko} .BE9| L9361 961 .981| .989
Y T P 006 | 012 | ,019 | .02 | .055 | .09% | .528 | .828| .918| .952 .969| .983| .950
B o Ll Gttt R LR TR EEREEEEY PR P e PP e 669 | 8667 .930| .957| .971| .984| .g950
1.0 | .002 | .00 | .023 | .ohx | .066 | .096 | .176 | .276 | .724 | .BBo| .934| .959 .972| .984| .990
o e L .056 | 097 | .1k6 | .202 322 | 438 | .783 | .895| .9ko| .961] .973} .98L| .990
5.0 | .009 | .036 o717 | 130 | .190 | .25% | .379 | .490 | .797 | .899| .ok1| .96L| .973]| .985| .990
10.0 | .010 | .038 | .081 | ,136 | .197 | .262 | .387 | .u98 | .799 | .900| .om1l .962! .973] .985! .90
20.0 | .00 | .038 | .082 | .,137 | .199 | .264 | .390 | .u99 | .80qQ | .900{ .9%1| .962| .973| .985| .990
w | .010 .038 .083 .138 .200 265 .390 500 | .800 [ .900| .9k1]| .962| .973| .985] .9%0
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TABIE L

VALUES OF CONFIGURATION FACTOR P-8

D
1.1 1.2 1.3 1.k 1.5 1.6 1.7 1.8 2.0 2.5
L
0.1{0.33074 | 0.29635 [ 0.13049 | 0.09428 {0,07200 | 0.05715 | 0.04667 | 0.03895 | 0.02847 |0.01556
.21 L4545 | .30835 | .e276e1| .17305 1358% | .10959 | .0904%2 | .07599 | .05603 03089
.31 4382k | 36015 | 288081 23070 18715 | .15k28 12913 | 10062 08184 oks77
Ll L4ush0 | 38463 | L32357 1 .26998 22578 | .19023 16181 | .13899 | .105Lk2 06000
S| 995 | L39712 | L3452 | 29607 25384 | .21816} .18846 | .16385 | .12639 | .OT7343
6O 451731 JLOhOL | L357271 .31343 | .27395 | .23942 | .20973 18843 | L1471 | L08596
LT] 45270 | .hoBOT | .36531 | .32514 | ,28837 | .25545 | ,20648 | .20123 | .16046 09753
81 .45328 1 k1059 1 .37058 ) .33321 | .29877 1 L2675k 0 .23959 | .21481 | .17385 | .10811
1.0| 45387 | .%1333 | .37661 | .34295 | .31201 | .28369 | .25791 23457 | L19468 | .12636
1.2} 45415 | baké6 | 37968 | .34B15 31947 | .29326 26930 | .2hk7h2} .20934 | .14105
1.4 b5hk29 | 41537 | .38137( .3511k | .32390 | .29916| .27658 | .25592 | .21967 15270
1.6 45437 | .b1578 | .38238 | .35295 | .32667 | .30294 | .28137 | .26166 | .22699 16186
1,87 JAshh3 ¢ Jhasoh 1 .38301 1 .35K11 ) (33847 .30545 | .28461 | .26563 | .23227 | .16906
2.0) k546 | (k16201 .38343 ) .35489 | 32668 | .30717 28687 1 .26843  .23612 17h72
2.5 45450 | 41643 | 38399 | .35595 | .33138 | .30960 | .2901231 .27255 | .24200 | 18422
3.0| Ju5h52 | 41653 | 38425 | .356kk | .33217 | .31077({ .29171| .274%60 | .24503 18968
4,0] . f;5l+5§ . 31661 38446 | 35684 33283 | .3117h 29306 | .27636 | .247Th | .19501
6,01 J45HS4 { L4165 | L3BUST| .35705 | .33318 | .31227| .29379 | .2773%| .24929 | ,19835
8.0 .bshsh | h1666 1 .38460 ] .35710 | .33327( .312L40 29398 | 27759 | .2hsT0 | .19928
10.0| .behsh | Jhaces | 38461 | .35712 33330 | ' .31245 29hos | 27768 | .2498L4 | .19962
20.0| 45455 | 66T | .38461 | L35714 | .33333 | .312k9 29k | .27777 | .24998 19995
40.0{- . 45455 | .h1667 | .3B461 | .3571k | .33333| .31250| .29k12| .27778 | .25000 { .19999
® BOU55 | 41667 | 38462 35714 ] .33333 | .31250| .29412] .2T778 | .25000 | .20000
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TABLE k4,- Concluded

VALUES OF CONFIGURATION FACTOR P-8 - Concluded

=

3.0

Lo

5.0

6.0

7.0

8.0

10.C

15.0

20,0

30.0

ko.o

O
)

. 8 = L I a ® »

539

8

0.00988
.01967
.02929
.03866
L4772
.05642
06469
.07253

.08678
.0991L
.10968
.11858
. 12603
13224
14356
<1507k
15804
.16378
16537
. 16598
.16658
.16666
16667

0.00503
.01004
. 01501
,01992
02475
.02949
.03412
.03863
LOUT23
.05522
. 06257
.06927
.07531
L080T4
.09184
. 10001
.11036
.11915

.12348
.12h79
12497
12500

0.00305

.00912
.01213
.01511
.01806
.02097
.02383
.02940
03473
.03979
LohhsT
.O0lg06
,05324
.06239
06980
.08040
.09097
.09546
09Tk
,09963
.09965
. 10000

0.00205

.00613
.00816
.01018
.01218
01417
.01613
,01999
L0237k
.02736
.03085
.03419
.C3737
Mol NTS1
.0508Lk
.06052
07176
.07703
07963
.08276
.08326
.08333

0.00147
.00294
L0040
.00587
.00732
L008TT
.01021
.01163
LOLLLS
.01722
.01991
.02254

.02508

.02753

.03326
103838
L0682
05773
.063k49
06657
.07062
07132
07143

0.00111
.00221
.00332
.00kh2
.00552
.00661
.00770
.00878
.01093
.0130k
.01512
.01715
,01914
.02107
.02566
.02987
.03710
LOkT723
L0531k
. 05655
06143
.06235
.06250

0.00069
.00138
. 00208
00277
.00346
LO041LY
.00483
. 00551
.00637
.0o822
.00955
.01086
.01216
.01343
. 01651
.01943
L0271
.03297
.03855
.0k219
.04836
.0L9T76
.05000

0.00030
. 00060
.00090
.00119
00149
.00179
.00209
.00239
,00268
.00357
L00k16
L004Th
.00532
.00590
.00732
.00871
.01136
.01609
.01996
.02301
.03025
.03278
.03333

0.0001T
.00033
.00050

.00066¢ .

.00083
.00099
,00116
,00132
. 00165
.00198
.00231
.00264
.00297
.00329
.00110
.00k489
. 00645
.00935
.01193
L0116
L02077
. 02409
. 02500

0.00007
.00015
.00022

0.00004
.00008
.00012
.00016
. 00020
000021"
.00028
.00032
.00041L
.0004g
.00057
. 00065
.00073
. 00081
.00101

,00121 |

.00161
.00240
.00316
.00389
.00697
.01031
.01250

86
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VALUES OF CONFIGURATION FACTOR P-9

D
1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 2,0 2.5
L
0.1{0.01097 | 0.01428 | 0.01589 | 0.01669 | 0.01703 |0.01710 |0.01700 |0.01679 | 0.01620 {0.01446
.2| 02037 | .02624 | 02975 .03159 | .03248 | .03280 | .o0327h | .032h6 | .03149 | .02833
3] .02572 | .03618 | .ok176 ) .ouuB3 | .oksks | ,okTiT | Job730 | .O4TOS | 04589 | .ok163
| .o3046 | L0388 | .05211 | .05656 | .05904 1 06028 | 06072 | .06062 | .059M4 | 05435
5| .03398 | .05112| .06101| .06690 | .07035 | .07223 | .07307 | .07320| .07216 | .06652
6| 03660 | .05662 | .06861'| .07599 | .08048 | .08308 | .084ko | .08485 | .08h09 | .0TBL4
LT .03856 | .06112 | .07511 | .08397 | .08954 | .09292 .o9h79 .09562 | .09526 | .0892k
8| .okoo2 | .o06Lk79 | .08064| .09095| .09762 ] .10182} .1o0k11 | .10555 ] .10570 | .09982
1.0 .01;198 .07023 | ,089361| .10239 | .11122 | .11711 | .12089 .12311+ .12457 .119521 .
1.2| .04313 | .07389 | .09567 | .21110| .12298 | ,12955 | .13468 | .13801 | .14096 | .13735
1.4| .o4392 ) .07639 | .10028 | .11775| .13046 | .13962 .1%10 .15055 | .15515 | .15345
1.6| .ok430 | .07813| .10366 | .12283 | .13716 | .14778 | .15554 | .16109 | .167hL | .16796
1.8| .okke1 | .07935 | .10616| .12675 | .1u247 | 15440 | ,26334 | .16995 | .17798'] .18100
2.0( .okB1 | ,08024 | .10804| .12977| .14668 | .15976 | .16979 | .17738 | .18709 | .19271
2.5( 04511 | .08157| .11102| 13477 .15390 | .16925 | .18150 | .19121 | .20470 ( .21692
3.0l 04525 | ,08225| .11262| .13760{ .15817 | .17508 | .18895 | .20027 | .21686 | .23526
4,of .,04537| .08284% | .11k10} .14033| .16Lh41 | ,18117 | .19702 .21043 .23132 | .25970
6.0 .obsh3 | 08318 | .,11497| .14203]| .16525 | .18531 | .20273 | .21791 | .24281 | .282L9
8.0f .Okshh | ,08327 .11521{ .ihkekgp 16604 | .18652 | 2045 22024 .2hE62 | 2012k
10.0| .o4s5k5 | ,08330 | .11529 | .1ke67) .16634% | ,18698 | ,20512 | .e2117| .24817 | .29510
20,0} ,0k545 | ,08333| .11537| .14283| .16663 ) .18743 | .20578 | .22208 | .2k975 | .29930
40,0f 04545 | ,08333( L11538| .14285| .16666 | .18750 | .20587 | .22220 | .24997 | .29991
® | ,04545| .08333| .11538| .14286| .16667 ] .18750( .20588 | .22222 | .25000 | .30000
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TABIE 5.~ Concluded

VAILUES (OF CONFIGURATION FACTOR P-9 - Concluded

D
3.0 4,0 5.0 6.0 7.0 8.0 10.0 15.0 20,0 30.0 Lo.o
L
0.1 l0.01285 |0.02037 |0. 00864 [0.00739 |0. 00645 10. 00572 |0. 00466 [0.00318 |0, 00242 [0.00163 {0.00123
2| 02529 .02051| o171k | .o1468| 01283 .01139( .00929 | .00635 | .00k82( ,00325] .00246
.3 .03733| .03042| .02548| .02187| .01913] .01699| .01387| .00950| .00T22| 00488} .00368
Ul Lol8g6| .okoro! 033681 .02895| .02535) 02254 ,01842| .01263| .00961| .0064G | .00UGO
5| .06020] .ou955] .ok173| .03593} .01350| .02803| .02204| .01575| .01198 | .00B10| .00612
6] 07104 05877 .04963| .oh281| .03757| .03346} .o02741| .01885| 01435 | .00971| 0073k
71 .08151] 067771 05739 .oko58| .ok357| .03883} .03185| .02193| .01671| ,01132| .00855
B 09160 .07656 L065001 ,05625] 04949 | .obkalk| .03625| .02500| .01906| .01292| ,009TT
1.0} 110691 .093u6] 079801 .06930] .06111) .0Sh60| .obhok| .03109] .0237h| .01660] .01218
1.2| .12837| .10951 .o9ho3 .08194] .o72kk| 064831 ,05349| .03710| .02837| .01928| .01459
1.k .11+lr(3 Jd2kth] L10771| 09419 .08347 L,Oo7h83( 06188 .0k306| .03297| .02243( 01699
1.6] .15981| .13916] .1208L4| .10605| .09ke20] ,08461| .07013| .OkB9L| .03753| .0255T| .01938
1.8] .17372( .15280 .13344| .11753| .10465] .o9ul6| ,07824| 05476 | .0k205| (02869 ( 02176
2.0l .188501 .185700 .1k552) ,12863] .110821 .10349! ,08620) .060521 .oke5k] (031790 02413
2.5{ .21ko7| .19485| .17353| .15477| .13901] .12586| .10547| .OTH62] 05759 | .03948| .03002
3.0] 23624 .21996| ,19859| .17871| .16151| .14689(| .12386| .08831 .068u1 LobTo7| .03585
4.o| .26819] .25991| .2k077| .22046] .20172| .1851%| .15806| .11h50| .08937| .06193] .0LT33
6.0] .30196| .31008| .29979| .28320| .26521| .24775| .21682| .16221| .12857| .090k2| 06960
8.01 .31666] .33663] .33554] .32500] .31050| .29475 .26409) .20k02) 16428 11730 .09095
10.01 .32367| .35113] .35730| .3526%4| .342k| .32958| .30166| 240381 .19665| .14260| .11139
20.01 .33187| .37087} .39152| .ko21k| .hoskk| .hoch6| .3968%01 .35856| .315431 .24698| 20047
bo.0{ .33314] .37#43| .3987T7| .bh1kke| .hebg2| J43202| .43956] .43680| .42888| .369T70| .32231
w | .33333| .37500| .hoooo| .k1667| .42857| .43750| .45000( L46667| 475001 48333 48750
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TABLE &

VALUES OF CCNFIGURATION FACTOR P-10

65

0.08930 (0
-DBTLA
.08464
.08co01
07097
059

AnnCO

,00015

.00002

0.14435
.1hi73
.13782
.13132
.11860
. 09505
0150k
Lok62k
.01534
.00306
.00102

.00023

.00003

0.18530
.18233
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TABIE T

VALUES CF CONFIGURATICN FACTOR P-11

€5

5

.05

=

2,0

4,0

l_l
[}

o

[ ] - . [
(o] (o) + 10

0.25000

B

0.25000

0.25000 | O.

.24548
.23871

5
&

» 20555
16531
13162
.08391
.03172
. 00767
.00278

B

.00009

c9
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[

g

0.2

10.0

Mo

- ] » -
o o = W

8

0.0061

.0092

0.0249
.0373
.0k95
L0734
.0962
.1384
.1753
. 2070
.3088

>
=1

n

0.02k49
.0373
.0k95
073k
. 0963
.1385
175k
L2071

-3090

[Tt atat
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64

TABIE 9

VALIES OF COHFIGURATIOH FACTOR L-2

NACA TN 2836

<f
0.05 0.1 0.2 0.h 0.6 1.0 2.0 k0 6.0 10.0 20,0 ©
L
& = 30°

[ 0.93301 | 0.93301 |0.93301 |0.93301 {0.93301 |0.9330L |0.93301 | 0.93301 |0.93301 |0.93301 (0.9330L |0.93301
.02 | 83366 . 90812 | .91453 | .91621 | 91727 | .91 91795 | .91798 | .91799 | .91B00 | .91800
.05 | .36819 | .T1932 | .86670 | .B8919 | .B9ka6 | . . 89909 | .89915 | .89919 | .B991T | .

2 B .39780 | .76333 | .84533 | .85939 | . .gro12| .87093 | .87108 | 87115 | 8T8 | .

.2 .00357 .0386§ .34509 | ~.73163 | . 8725 | .80658 | .81910 | .82097 | .82129 | .821kk | .82151 | .82153
Al .ookoh | .0350% | .32021 | 58627 | . .73088 | .73sk2 | L7360% | LT36M8 | . .

.6 | .0003% | .00161 | .oo9k2 | .08292 | .296h5 | 57456 | 65267 | .66261 | .66389 | .66MA5 | .66H6T | .664T3
1.0 .00195 | .01281 | .ob195 | 23367 | 51319 | .Shhke2 | (SATAT | 54832 | LSESTL | .

2.0 .00119 | .00347 | .01673 | .17658 | .34T719 | .3607h | .36563 | .36569 | .

5.0 0011k | .o0927] .10285 | . .20335 | .207hT | .20812
6.0 .001721 01806 | 07111 3062 A7 | .14300
10.0 .00181 | .oo7h1 | .0%353 | .09338 | .08
20.0 .00193 | .02196 | .ok439

& = 60°

[+] 0.73000 | 0.75000 | 0.75000 | 0.75000 |0.75000 |0.75000 |0.75000 | 0.73000 | 0.75000 [0.75000 [0.T5000 |0.T73000

02| .54883| 63115 | .69263 | .71082 | 72555 | .TABE4 | 72023 .TeoTh | 72074 | 72070 | . . 72081

.05 | .2hemo | .bB26h | .61065 | .66105 | .67433 | .6825h | .68662 .687;{3 .63793 | .6880% | . 68810

.1 06321 .23560 | .46339 | .58315 | .61322 | .631k2 | .6R015| .6h2 . 7| -64309 | .64318 | .64320

2 | 01293 .0%9%0 | .221kk | .h3;u70 | .s021h | .shso2 | .S64T3| 56966 | 57033 | .5T097 | L5728 | .5T12k

b | 00233 .01133 | .o3285 | (19463 | .30785 | -ho3in | .hso29| .he1S1 | .B63W2 | LAGWSL | JhehTH | .

.6 | .0009%] .ooko7 | .01877 | .08%29 | .17072| .2877L | .36391( .3826% | .38569 | .38735 | .38780 | .387198
1.0 00025 | . .00568 | .02198 | .05323 | .13283 | .23973| .27547 | .28133 | .28k02 | . .28539
2.0 .00280 | .0069% | .02190 | .03028| .1k089 | .184%97 | .16150 | .16387 | .16455
k0 | -o02h5 | .oa172| .ob288 [ .06446 | .oT911 | 08481 | .0363k
6.0 00318 | .o1k55 | “.02897 | .04635 | .05560 | .05813
10.0 . .00291 | .00709 | .01751 | .03009 | .03506
20.0 0022k | . 01757

& = 90°

(] 0.30000 | 0.50000 | 0.50000 | 0.50000 |0.50000 | 0.50000 | 0.50000| 0.50000 [ 0.50000 | 0.50000 | 0.50000 |0.50000

02 . .39158 | 43557 | 45611 | k6203 | 4659k | JWET96| .hE352 hssig Lesee | k6872 | L6873

.05 | Jakogh| .26361| .35629 | .hosi7 | .Mag7h | .heoh3 | .h34k9| 43591 | W36 .b3632 | .43633 | .k36%0

-1 04925 . 7| 23099 | .33485 | .36205| .38093 | .39100| .3938% | .39423 | .39%66 | .39478 | .39482

.2 | .01302| .ok579 | .12%80| .22675 | .2m99 | 30689 | . .331h2 | .33258 | .33314 | .33338 | .33346

b | .oo292| .om126 | .03935| .10530 | 15401 | .20383 | . 24887 | .25101 | .25213 | 25261 | .25277

.6 | 00113 .o0845| .0 .05293 | .08903 |..13761 | .17992| .19528 | .1984% | .20011 | .20082 | .20106
1.0 .00031| .oo12k| . 01786 | .03393 | - .1088k | .130k1 | .13540 | .13811 | .13929 | .13968
2.0 . .00611 | .01h86 | .03756| .0607T | .06863 | .07350 | .OTHTT | .O7635
k0 .00229 | .00781| .01939 | .02718 | .03390 | .03785 | .03938
6.0 .00263| .00810 | .01327 | .01939 | . .
10.0 .00219 | .oo420 | .00T9% | .01271 { .01589
20.0 .00159 | .00398 | .00795

&= 120°

3} 0.29000 | 0.25000 | 0.25000 | 0.25000 | 0.25000 { 0.25000 | 0.25000 | 0.25000 | 0.23000 | 0.23000 |0.25000 |0.25000

.02 | 13639 | .17986| .20670 | 22081 | .22572| .22735 | .22883| .22923 | .22932 | .22937 | .22939 | .229%0

.05 ] .o6%ok| .11337| .16057| .1885%9 | .19788 | .20%36| .20791| .20892| .20912 | .20922 | ,20927 | .20928

2| .okl 061130 10877 | .1487R| .16393) .17539 | .18195| .18413 | .18%31 | .18k52 (| .18460 | .18463

.2 | .00773| .02343 | .0555%| .o96h | .11671| .13%16 | .14537| .1hgoL | .1k976  .15016 | L1503k | .

R .00193 | .00665 | .0198% | .okss2 | .0637h| .08395 | .10015| .10630 | .207T7L| .10848 { .10859 | .

.6 | .00077| .00280| .00973| .02830| .037%9 | .05535| .07BT| . 03259 | .08366 | .08415 | .08432
1.0 0089 | . 01559 | . .042k6| .o517h | .0543h | .0339% | .05663 | .

2.0 .00170 | .00333 | .00703 | .o150%| .02320 | . . 6| .03003 | .03057
b0 ’ .00129 | .00369| .o00T7H| .01035]| . 01572 | 01361
6.0 .00138| .003%9 | .00522| . .00928 | .ox045
10.0 ook | .0017h| .o031k | . .00629
20.0 00157 | 00315

& = 150°

] 0.06699 | 0.06699 | 0.06699 | 0.06699 | 0.06699 | 0.06699 | 0.06699 | 0.06699 | 0.06659 {0.06699 |0.06659 |0.06699

.02 | .o3koh| .o&k29 gggha .05TTL | 05902 | .05992 ] .o6oko| .06053 | .0605T| 060583 | . .

.05 | .01622| .0286% | .oho31 | .ou825 ] .05099 | .05290 | .o5k1| .05 .03451 | .o05h5hk | .05456 | 09456

.1 .00685 | .013%2 | .02686| .03707 | .o4125 | .oWASH| .ok63H| . .ok728 | .ok735 | 04738 ] .ok

.2 | .o026%| .00626 | .01387 | .02356| .02853 | .03309 | .0362%| .0373%| .03758 | .03T7L | .03776 | .03TT8

4 | .o0061| .o0191| .oom22| .01119 | .01536 | .02008 | .o02415| .02590 | .02631 | .02662 | . .

.6 .00251 | .00613 | .0091k | .01312 | .o1726] .01926 | .01885 | .02017 | .02033 | .02038
1.0 R .00%01 | .00635 | .00990| .01219 | .01282} .01327 | .01351 | .02359
2.0 .00179 | .00336| .00536 | .00612| .00671 | .006TL | .00723
Lo .00183 | . .00297 | .00343 | .00368
6.0 .00123 | .00169 | .00207 | .00246
10.0 .00148
20.0 .0007h

X3



VALUES (F CONFIGURATICN FACTCR L-3 CR A-7

1.3

1.b

1.5

1.6

2.0

3.0

5.0

6.0

7.0

8.0

10.0

3.0

30,0

%0.0

0.2
.

1.0

1.2

eor
N

[u]
.
[os]

3.0
Lo
6.0
8,0

10.0

0,250

4501
538

+ 739
TR
751
76!

0.183

0.1k1

0.113

0.037

0.020

.039

333

0.006
.012

0,003
.006

.012
-015
.017
020

Arm
PR ]

.028
.0k

.0T0
.083

L143

0.002

0.001

L01h
.020
026
037
.0bs5

053} .

«100

0.C01

.001

.017
022

0067

.010
»013
.015
050

q 6
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TABLE 11

VATIES OF CONFIGURATIOR PACTCR I-U OR A-8

1.5

1.6

1.7

1.8

3.0

BIO

0.0

13.0

3000

<o

1.0
1.2
1.4
1.6
1.8
2,0
3.0
)
6.0
8.0

10.0

.070
072
-07&

.082
.085
,086
087

143
.51
155
137

.231

.2h5

+235
.261

.296

0.03%
.063

.
B
=

.131
.148
.163
176

’l%

333

0.03k

334
375

0.034
.064
L091

LW
oLlLD

157
AT
.191
.205

.256
331
330
.362
2

0,033
.063
.wl

.
K
on

-139

.19k

.210

276
.310

372
.386

0.026

073

«UJ0

LT

157
AT
193
.210
.282
.338
ST

-6’67

»155
219
L27h
.363
k33
485

800

.245
«333

158
.833

097

»120
172

cwh
-372

.857

0.011

.107
135

<385
. l'J'O:l.
08711-

0.009
.019

.352

0.006
.013
019

.0'25

.0h3
0L
.070
.092
.13h
T4

0.003

967

9715

93
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NACA TN 2836

TABLE 13

VALUES OF CONFIGURATION FACTOR A-2

EThese values may be in error by 0.00013

N
0.05 0.1 0.2 0.k 0.6 1.0 2.0 ko 6.0 | 10.0 | 20.0 P
L
¢ = 30°
0.1 |0.4205 [|0.T31k |o.8604 0.8948 10.8981 [0.8996 |0.9000 |0.9001 [0.9001 |0.9001 |0.900L
.2 | .2132 | ,ho98 | .7268 .8595 | .8676 | 8719 | .8728 | .8729 | .8730 | .B730 | .8730
b oL1ksy | L2133 | LboSS TT72 | 8099 | .8228 | .8249 | .8252 | .825k | .82%5 | .8255
.6 | .0976 | 1497 | .27h9 L6669 | .753% | .T89 | .7827 | .7832 | .T835 | .1836 | .7836
1.0 | .0586 | .0900 | .1772 Jhhes | L6202 | L7002 | L7200 | LTHL | LTM26 | L7118 | .18
2.0 | .0293 | .obs1 | .0889 .235h | .324k | L5235 | L5736 | .57 | 5793 5797 | 5798
ko | .01k7 | .0225 | .olk5 L1181 | L1803 | .2759 | .3961 | k196 | .h261 | .he7h | LheTT
6.0 | .0098 | .0150 | .0297 .0788 | .1203 | .1868 | .2807 | .3216 | .3393 | .3%26 | .34
10.0 | .0059 | .0090 | .0L78 .0k73 | L0722 | .1123 | .1709 | .2030 | .2389 | .2505 | .25
20.0 | .0029 | .00k5 | .0089 . L0361 | .0562 | .0856 | .1019 | .1203 | .1261 |-——m
¢ = 60°
0.1 |0.3024 {0.4866 [0.6093 0.6766 10.6851 |0.6893 [0.690k {0.6906 |0.6907 |0.6907 |0.6908
2] .1732 | .2970 | k720 L6169 | .6362 | 6453 | .6hTT | 6481 | .6hB3 | .6484 | .6h8%
A4 L1055 | .168% | (2868 25095 (| 554 | .5751 | 5803 | .5812 | .5816 [ .5818 | .5819
.6 | o117 | .1172 | .2025 gy | 4839 | L5185 | L5270 | 528k | L5292 | .529h | .5295
1.0 | 0435 | .0725 | .1292 L2891 | .3712 | k300 | Juk62 | L4488 | .hs02 | L4506 | L4507
2,0 | .0218 | .036% | .0653 1612 | L2128 | . .3234 | .3297 | .3325 | .3335 | .33k0
Lo | .0109 | .0182 | .0328 L0816 | .120k | .1630 | .206% | .2192 | .2260 | .2286 | .2293
6.0 | .0073 | .0122 | .0219 . L0807 | 1122 | L1469 | 1618 | .1719 | .1761 | .1TT2
10.0 | 0044 | .0073 | .0131 .0328 | .o485 | .0678 | .0922 | .1050 , .1160 | .1231 | .1253
20.0 | .0022 | ,0036 | .0066 L0164 | 0243 | .03k0 | .0k65 | .0528 | .0595 | .0631 |-—a—o
o = 90°
0.020.39908 |0. 44375 |0. 46615 (0. 47725 |0. 47943 |0. 48138 |0. 48239 | 0. 48267 |0. 48273 [0. k8275 (0. k8276 |0. 482TT
.05 .28738]| .37202| .42337| 44852 .45587| .h6073| 46327 .46397| .h6k1r| (k68| . heke2
.1 | .18601| .28189] .36216| 40839 .h2290| k3251 .43T756| .43898( .%3925( .%3939( .h3943| .h39hT
.2 | .10584| .18108]| .27104 .31*295 .3688%| .38719| .39711| .3999%| .hook8| .kooT6| . .
4| L08606| L10215] :17Ak7| 25032 .28809| .3192%| .3378k|-.34339( .3khkT| .34503| .34528| .34535
.6 [ .03799] .070%8| .12295| .19206] .231k7| .26896] .29%29| .30238| .30399| .30482| .30518] .30530
1.0 | .02304| .ok325| .o7T4E]| .12770| .26138] . .23285] .24522] 24783 .2k921] .2 .25000
2.0 | .01158{ .02188| .03971| .06757| .08829| 11643} .1k930| .16731| .17293| .17455| 17571 17611
4,0 | .00380| .01097| .02000] .0343k4| .ob536]| .06131| .08363) .10136] .107T76] .11210| .13k427]| 12505
6.0 | .00388} .00732| .01335| .02296| .030%0| .ok130] .05731| .0T28%| .07822| .08331| .08624| 08738
10.0 | .00232| .00k39| .00802| .01380( -01829] .02k92| .03491) .okkBL| .0k998| .05502| .05876]| .06053
20.0 | ,00116| .00220| .00k01| .00691| .00916| .01249] .01757| .02285]| .02587] .02938| .03302| .03578
¢ = 120°
0.1 ]0.0871 [0.128% |0.1667 0.2008 |0.2070 |0.210% }0.2115 |0.2116 }0.2117 [0.2118 [0.2118
2| .0538 | .0343 | .1227 .1700 | .180k | . .1886 | .1889 | .1891 { .1892 | .1892
.4 | 031k | L0507 | L0790 .1287 | .1437 | .1538 | .1573 | .1580 | .158% | .15%86 | .1586
.6 | .0216 | .0357 | .0576 .1023 | .1186 | .1311 | .1358 | .1368 | .137h | .2377 { .1377
1.0 | o131 | .0218 | .037h L0715 | .0870 | .1012 | .107h | .1090 | .1099 | .1103 | .110%
2.0 | .0066 | .o111 | .0193 .02 | .0518 [ .0643 | .0720 | .07h2 | 0757 | .0765 | .O767
b0 | .0033 | .0056 | .0097 .0213 | .0297 | 0377 | .0M43 .0k89 | .0501 | .0506
6.0 | .0022 | ,0037 | .0065 L0143 | .0200 | .0262 | .0316 | .03%0 | .0361 | .0375 | .0382
10.0 | .0013 | .0022 | .0039 L0086 | .0121 | 0160 | .0200 | .0219 | .0238 | .0254 | .026%
20.0 | .0007 | .0011 | .0020 .0043 | .0061 | .0081 { .0102 | .0113 | .0125 | .0133 |---—---
. ¢ = 150° ,
0.1 [0.0225 |0.0325 [0.042k 0.0520 |0.0538 [0.0549 [0.0353 [0.0553 o.gzgg 0.0554 10,0554
.2 | .01k | .o21% | .0310 .0h32 | .oh62 | .0k80 | .ou86 | .ob87 | . .0k88 | .ol8g
4| .o08k | L0130 | 0201 .0322 | .0361 | .0389 | .0399 | .oko1r | .0%03 | .0k03 | .0%03
.6 | .0057 | . L0147 L0255 | L0295 | .0327 | o341 | .034k | .0346 | .0346 | .0347
1.0 | .0035 | .0055 | .0093 .0178 | .0215 | .02k9 | .0266 | .0270 | .0273 | .027% | .0275
2,0 | .0017 | .0028 | .00N8 .0098 | .o127 | .0157 | .o177 | .0282 | .0186 | .0187 | .0189
ko | .0009 | .001k | .002% .0051 | .0068 | .0086 | .0108 | .01k | .0119 | .0120 | .o12k%
6.0 | .0006 | .0009 | .0016 .0034 | .00k6 | .0059 | .0075 | .0082 | .0083 | .0090 | .0093
10.0 | .0003 | .0006 | .0010 .0021 | 0028 | .0036 | .0047 | .0052 | .0055 | .0055 | .006k
20,0 | .0002 | .0003 | .0005 .0010 | .001% | .0018 | .002% | .0027 | .0029 | .0029 |oereoee




TABLE 12

VAIUES OF CONFIGURATICN FACTOR A-1

7 0.1 0.2 0.4 0.6 1.0 2.0 4.0 6.0 | 10.0 | 20.0 o

x
0.1 |0.00316 [0.00626 10.0120710.0171510.02492 10.0351% 0. 04210 0. 04463 |0. 04671 0. 04829 10, 0488
.2 .00626| .01240] 02391} .03398| .o4okl| .06971| .08353] .08859 .09272| .09586| .09902
L) .01207| .02392| .Ok6LE| ,06560| .09554[ .13513| .16219| .17209| .18021| 18638 .19258
.6 .01715| .03398] .06560] .09336| .13627| .19341| .23271| .2k712| .25896| .26795] .27698
1.0| .02492| .okgla| .09554| .13627| .19982{ .28588| .34596| .36813] .38638| .hoo26| .llke1
2.0| .0351k| ,06971| .13513} .19342| .28588| .h41525| .50899| .5uk21| .57338| .59563| .61803
b0} .0ok209| .08353| .16219| .23271] .34596| .50899( .63204] 67954 .71933] .7W990| .78078
10.0| .04671| .09270| 18022 .25896] .38638( .57361| .71933| .TTTHL| .82699| .86563( .90L499
w | .0u988| .09902| .19258| .27698| .hik21| .61803| .78078| .8hT13| .90499| .95125|1.00000
A
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TABLE 1k
VATIES OF CORFIGURATION FACTOR A-3
DE 0.1 0.2 0.3 0.4 0.5 0.6 0.8 1.0 | 2.0 3.0 k0 5.0 6.0 8.0 | 10.0
0.1 [0.00010]0.00040 10.00089 [0.00158]0.00248 [0.00356 [0.00634| 0. 00990 [0.03959 [0.08902|0.15812 0, 24672 [0. 35451 | 0. 62344 10.90L89
P 1 ] FRNSSRORY ] o L B P .08784 | ,19658| 34799 .536L8( ,THHLS| .95861( .98256
.2 | .00038( .0015k| ,00346) ,00616| 00961 .01384| .02439| .03840| .15278 | .33944| .58388| .81500( .52759| .97538] 58690
B T B el T B B l ma EEEE RV PRI .31803 | .64386( .B64T2| ,9359Q] .96200] .98152| .98889
4| L00138| ,00552| .012L0| 02200 .03432) .0k930| .08713| .13302( 48769 | .80000| .91153| .95016( .96T69| 98300 98546
R e B .02367 | .ox187| 06498 | 09276 .16121| 24388 | .67889| .B6B22| 93062 95716 .97085| .98394| .98982
X: 0 RSSO UV NN RS, Doy MONIY JESS — .73936| .88398| .9356k| .95918| 97182 .98k2k| 9859k
1.0 | .00k99| 01980 | .04399| .0T686| .11722( .16393| .27005( ,38196 | .76393| .B9023| .93774| .96006| .9722L| ,98438 99000
2.0 |mmmmmmm[eoemeee 06803 | .11586( .17158| .23196| .35532] 46887 | .T9176| .89TTO| .9L035| ,96118| 97260 .98456| .99008
5.0 | .009%2) ,03709 | .O7T987| .13393| .19498| .25906 .3BM4T| 49500 | .79872| .B996%| .9h10k| .96148| 97294 ,98L60| 99010
10.0 | .00980| .03811| .08188( ,13692( .19872| ,26328| .38880] 49875 | .79968| 89991} .9kL1k| .96152| .9TEIT|=mmmmmm|-mmmmmm
20,0 | ,00988| ,03838 | ,082k0 | .13768| .19968| .26435| .38988| 49969 .T79992( ,89998| .9HILT| 96154 |~mmmmmmfmmmammn |
w | .00990| .03846{ 08236 .13792| ,19999 ) .26470| .39023] .4g995 | .80000| ,50000| .SUI20| 96155 {mmmmmme]—mmmmme | omemmae
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69



T0 NACA TN 2836

Figure l.- Geometry for radiant interchange between two plane point sources.
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Figure 2.- Geometry of configuration P-2.
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(b) Integration with respect to z.

Figure 3.- Geometry of configuration L-2.
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Figure 4.- Illustration of Nusselt's geometric interpretation of
configuration-factor equation.
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Figure 5.- Eckert's optical projector.




Figure 6.- Purdue University mechsnical

{ntegrator.
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Figure 7.- Schematic diagram of Purdue University mechanical integrator.
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Figure 8.- Graphical determination of mean configuration factor.
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Figure 9.- Geometry of configuration A-3.

Figure 10.- Geometry of configuration A-L4.
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Figure 12, - Continued.
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Figure 13.- Configuration-factor curves for configuration P-3.
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Figure lk.- Configuration-factor curves for configuration P-6.




NACA TF 2836

r"
Fr
+ o
S |
7
14

3

10

]
"]
[

"

1.0

A
ol

€ .8

e
Y
<
d

N N

4

TN T

/_// //

g

3

v
V

A
Q2
v
P
N
v

»/ N /./ /
AN

N N
Y I/ /
N NN N

2L

hoo ! 1 N
+ MW W
Q 0

N w
- 9 o 0

(rDLDOVE  NOILYAENDIANOD

|O*

Figure 15.- Configuration.factor curves for configuration P-8,
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Figure 16.- Configuration-factor curves for configuration P-9.
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Figure 18.- Configuration-factor curves for configuration P-11 with ¢ = 90°.
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Fle

FACTOR,

CONFIGURATION

Lo

o] l
7 ~ =
N ] P T
5 \ ‘N \\ N ) .
= CONRS
4 \ NEEL N
.3 : \ A \ A%
\ \ \ AN\
. WEAVREEAEY AEAAY
\ \ \ \ \ \ \
LINEAR
—sarce = \| | |\ YTV TV TN N RN
! . \ 3 \ A YAt - )
. : —
©7 \ \ \ ) N
.05 \ \ \ \ \ \ \\;FS;
O \ X oY
\ \ \ | AN \ \
o3 \ Y o1\
02 \ \ )
\7;9 \ \\ NREEAE \
>, \i 0 ¥ |\% . >
o Y% R & 6 | M
o] t e s g 1L.O 2 3 4 =5 _ {w] 20
.
(a) @ = 30°, .

Figure 20.- Configuration-factor curves for configuration L.2 for various

values of ¢. When ¢=o°,F12=o for N<L and 1 for N > L;

" vhen & = 1809, F

12

= 0 for all values of N and L.

9fge ML YOVN

6



NACA TN 2836

N-.u

HOLOWA NOILYMNDIINOD

92
”
Q
v
\\
S Lo
vl =
AA T 77 e
iy \\D_..L
V.4 L~
‘4P’ L~
\\_\ ] 15
AA N ] \\L@kn4
\“\\ -l " N
74V 4 LA o
R
L |
\ \\\ \\.\ ] DQ ™
A \ - o \
\\~ 4 L~ \\.\1 O
L/ LA+T - L~ (o)
/ -~ EaiiNNiZad \\\\o
yd — z |J
/4 e P \m.\\.w\
e > et
7/ \\ \.\‘ -~ " )
A d ” il N
] \0.
y = W=
\ \ \\ \L‘l\\‘ 3
74
. L
i Pia
\\ _\\ \\\\\\
/| A _
\\ 4 )
/LA elw
A A DK
\\ Jjw
M Mg m o -
o ~T ®Y B =% 00 0 © E

}
[

—

S

Figure 20.- Continued.
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Figure 20.- Continued.
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Figure 20,- Continued.
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Figure 21.- Configuration-factor cMes for configuration L-3 or A-T.
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Figure 22.- Configuration-factor curves for configuration L-% or A-8.
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Figure 24,- Concluded.
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Figure 27.- Rotor blade.
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Figure 30.- Line configuration factors.




110 NACA TN 2836

\ , —— TOP SURFACE OF BLADE
\ —— BOTTOM SURFACE OF BLADE
\

\ D e
7 \ LEADING EDJE EDGE
gﬁ 2 \\
:ﬁ‘\ Vol
< \ -

\ N
\ /—\‘
\\ // \\
- L
L
o 0 20 40 60 80 100

DISTANCE FROM LEADING EDGE TO TRAILING
EDGE OF BLADE, PERCENT
(MEASURED ALONG SURFACE OF BLADE)

Figure 31.- Distribution of h, over rotor-blade surface. h,, equivalent
heat-transfer coefficient due to radiation; x, local; m, mean.
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